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(57) An ultrasonographic apparatus Includes: an ul- 
trasonic probe 1 for transmitting/receiving an ultrasonic 
wave to/from a patient, means 2 for generating an ultra- 
sonic transmission signal and transmitting it to the ultra- 
sonic probe, means 3 for receiving a reflection echo sig- 
nal receivedby the ultrasonic probe; means 4 for re-con- 
structing a form image according to the reception signal 
processed by the reception processing means; means 
5 for reconstructing an elasticity image according to the 
reception signal processed by the reception processing 
means; means 7 for displaying the form image and the 



elasticity image; means 8 for switching between the 
form image mode and elasticity image mode; and 
means 9 for performing control so as to selectively ac- 
quire the form image and the elasticity image in the 
measurement period of the elasticity image mode 
switched by the mode switching means. Thus, it is pos- 
sible to perform measurement associated with acquisi- 
tion of both the form image and the elasticity image of 
the biological tissue and improve the Image quality of 
the form image such as a B mode image and the image 
quality of the elasticity image such as elasticity ratio and 
elasticity distortion. 
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Description 
Technical Field 



[0001] The present Invention relates to a biological tis- 
sue elasticity measurement method and ultrasono- 
graphic apparatus, and, in particular, to a measurement 
method and ultrasonographic apparatus for acquiring a 
high quality elasticity image such as an elasticity ratio 
and an elasticity distortion of the biological tissue of a 
patient and a high quality form image of the biological 
tissue. 

Background Art 

[0002] An ultrasonographic apparatus irradiates an 
ultrasonic wave to the patient by using an ultrasonic 
probe, measures the acoustic characteristic of a biolog- 
ical tissue within the patient by using the reflection echo 
signal, re-constructs a form image (such as a B-mode 
image and an M-mode image) of the biological tissue, 
forexample, based on a difference orchange In acoustic 
characteristic of an arbitrary area of the patient and dis- 
plays the form image on a screen for a diagnosis. 
[0003] Recently, it has been proposed that the ultra- 
sonographic apparatus is used to measure elasticity in- 
formation including either elasticity ratio or elasticity dis- 
tortion, for example, of a biological tissue of a part to be 
diagnosed and display it as an elasticity ratio image or 
elasticity distortion image (each of which will be gener- 
ally called elasticity image, hereinafter) (in Japanese 
Unexamined Patent Application Publication No JP/ 
P2000-60853A.. for example). According to this, the 
form image of the biological tissue of the patient and the 
elasticity image such as the elasticity ratio and elasticity 
distortion, for example, are acquired simultaneously or 
alternately, and the form image and the elasticity image 
are displayed in line or one over another on one screen. 
[0004] However, the ultrasonographic apparatus dis- 
closed in the publication does not consider a measure- 
ment method for acquiring both high quality form and 
elasticity images. 

Disclosure of Invention 

[0005] An ultrasonographic apparatus of the present 
invention includes an ultrasonic probe for transmitting/ 
receiving an ultrasonic wave to/from a patient, a unit for 
generating an ultrasonic transmission signal and trans- 
mitting It to the ultrasonic probe, a unit for performing 
reception processing on a reflection echo signal re- 
ceived by the ultrasonic probe, a unit for re-constructing 
a form image according to the reception signal proc- 
essed by the reception processing unit, a unit for re-con- 
structing an elasticity image according to the reception 
signal processed by the reception processing unit, a unit 
for displaying the form image and the elasticity image, 
a unit for switching between the form image mode and 



the elasticity image mode, and a unit for performing con- 
trol so as to selectively acquire the form Image and the 
elasticity image in the measurement period of the elas- 
ticity image mode switched by the mode switching unit 
6 [0006] Thus, both of high quality form and elasticity 
images can be acquired since, according to the present 
invention, the unit is provided for performing control so 
as to selectively acquire the form image and the elastic- 
ity image in the measurement period of the elasticity im- 
age mode switched by the mode switching unit, that is 
In the measurement period of the elasticity diagnosis' 
mode. 

[0007] In this case, an ultrasonic transmission signal 
is applied which has an amplitude, wave number or f re- 
's quency preferable for each of the form image measure- 
'ment and the elasticity image measurement as the ul- 
trasonic transmission signal for each of the measure- 
ment. More specifically, there may be provided a first 
transmission signal generating unit for generating an ul- 
*> trasonlc transmission signal for the form image, and a 
second transmission signal generating unit for generat- 
ing an ultrasonic transmission signal for the elasticity im- 
age having at least one ultrasonic wave among an ul- 
trasonic wave having a larger amplitude, an ultrasonic 
wave having a larger wave number and an ultrasonic 
wave having a lower frequency than those of the ultra- 
sonic transmission signal for the form image. As a result, 
the image quality of the form image such as a B-mode 
image and the quality of the elasticity image such as an 
30 elasticity ratio and an elasticity distortion can be im- 
proved, and images suitable for both of the diagnoses 
can be provided. 

[0008] The control unit may switch between the form 
image re-construction unit and the elasticity image re- 
35 construction unit according to the selection of the form 
image or the elasticity image. Also, the control unit may 
switch between the first transmission signal generating 
unit and the second transmission signal generating unit. 
[0009] The reception processing unit may have a first 
*0 reception processing unit forthe form image for perform- 
ing processing with a dynamic filter having a filter char- 
acteristic dependent on the depth of the reflection echo 
signal, and a second reception processing unit for the 
elasticity Image for performing processing with a filter 
having a constant filter characteristic independent of the 
depth of the reflection echo signal. In this case, the con- 
trol unit may switch between the first reception process- 
ing unit and the second reception processing unit ac- 
cording to the selection of the form image or the elastic- 
50 Ity Image. 

[0010] The control unit can perform the switching for 
each frame of each image or for each ultrasonic beam 
to be irradiated to a patient according to the selection of 
the form Image or the elasticity image. For example, 
55 when a focus area of elasticity image measurement is 
defined, the control unit may switch the control for each 
ultrasonic beam to be irradiated to the patient and cause 
the ultrasonic beam to scan. In this case, the elasticity 
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Jriage re-construction unit may reconstruct the elastic- 
ity image of the focus area and display It over the form 
image on a display unit. The display unit can be config- 
ured to selectively display one image of a form image 
and an elasticity image, an image having both of them 
one over another, and an image having both of them in 
line. 

[001 1 J A method for measuring an elasticity of a bio- 
logical tissue of the present invention includes the steps 
of generating an ultrasonic transmission signal and 
transmitting It to an ultrasonic probe, performing recep- 
tion processing on a reflection echo signal received by 
the ultrasonic probe, reconstructing at least one of a 
form image and an elasticity image according to the re- 
ception signal having undergone the reception process- 
ing, displaying at least one of the form image and the 
elasticity image, switching between a form image mode 
and an elasticity image mode, and controlling so as to 
selectively acquire the form Image and the elasticity Im- 
age in the measurement period of the elasticity image 
mode switched by the step. 



10. 



Brief Description of the Drawings 
[0012] 

Fig. 1 1s a block construction diagram of an embod- 
iment of an ultrasonographic apparatus of the 
present invention. 

Fig. 2 is a diagram showing a relationship between 
the ultrasonographic apparatus of the present in- 
vention and a patient. 

Figs. 3 to 5 are diagrams showing an operation of 
a first embodiment of the present Invention. 
Figs. 6 to 9 are diagrams for explaining an operation 
of a second embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

[001 3J Embodiments of the present invention will be 
described below with reference to attached drawings. 
Fig. 1 Is a block construction diagram of one embodi- 
ment of an ultrasonographic apparatus of the present 
invention. In Fig. 1 , the thick line indicates a flow of an 
ultrasonic transmission/reception signal, and the thin 
line indicates a flow of a control signal. Fig. 2 is a dia- 
gram showing a relationship between the ultrasono- 
graphic apparatus according to this embodiment and a 
patient. As shown in Fig. 2, a patient 20 is laid on a bed 
21 , and measurement Is performed thereon by using an 
ultrasonic probe 1 in contact with the body surface of 
the patient 20. In order to measure an elasticity image, 
an organ, for example, of the patient 20 can be pressed 
by the ultrasonic probe 1. The ultrasonic probe 1 and 
the ultrasonographic apparatus 10 are connected via a 
probe cable. A form image 7a and an elasticity image 
7b, for example, are displayed simultaneously on an im- 
age display device 7 of the ultrasonographic apparatus 



[0014] The ultrasonographic apparatus 1 0 includes a 
transmission circuit system 2 and reception circuit sys- 
tem 3 connected to the ultrasonic probe 1 and a form 
image reconstruction section 4 and elasticity image re- 
construction section 5, to which a reception signal out- 
put from the reception circuit system 3 is transmitted 
Data of form and elasticity images re-constructed by the 
form image re-construction section 4 and elasticity im- 
"> age re-construction section 5 are input to a display su- 
perimposing section 6. image data formed by the dis- 
play superimposing section 6 is input to the image dis- 
play device 7 and is displayed on the display screen. A 
measurement control section 9 is configured to control 
the transmission circuit system 2, reception circuit sys- 
tem 3, form image re-construction section 4, elasticity 
image re-construction section 5 and display superim- 
posing section 6 based on a command input from a 
switch 8 provided in the ultrasonic probe 1 . 
20 [0015] The ultrasonic probe 1 transmits/receives an 
ultrasonic wave to/from a measurement target part of 
the patient 20. In other words, the ultrasonic probe 1 has 
multiple transducers, which are aligned one-dimension - 
ally or two-dimensionally, and has functions of transmit- 
25 ting an ultrasonic wave to the inside of the patient 20 
and receiving an ultrasonic reflection echo wave from 
the inside of the patient 20. 

[0016] The transmission circuit system 2 Is a trans- 
mission unit for transmitting an ultrasonic signal having 
30 undergone transmission focus processing for giving a 
different delay time to each channel in driving the mul- 
tiple transducers included In the ultrasonic probe 1 and 
transmitting ultrasonic waves to multiple channels. In 
the transmission circuit system 2, an optimum transmis- 
35 sion focus processing for each of them according to a 
form image or an elasticity image can be switched in 
accordance with timing defined by the measurement 
control section 9, which will be described later. In par- 
ticular, the transmission circuit system 2 has a transmis- 
« sion signal generating unit for generating an ultrasonic 
transmission signal for a form image and a transmission 
signal generating unit for generating an ultrasonic trans- 
mission signal for an elasticity image having at least one 
ultrasonic wave of ultrasonic waves having a larger am- 
* plitude, a higher wave number and a lower frequency 
than those of an ultrasonic transmission signal for aform 
image. The transmission signal generating units for form 
and elasticity images are switched for use based on a 
command from the measurement control section 9. 
50 p)017] The reception circuit system 3 Is a reception 
processing unit for performing processing for receiving 
a reflection echo signal output from the ultrasonic probe 
1, and performs amplification processing and filtering 
processing and includes a phasing unit for performing 
55 reception focus processing. As well known, the recep- 
tion focus processing captures reflection echo signals 
of multiple channels received by the multiple transduc- 
ers of the ultrasonic probe 1 and gives a different delay 
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time to each of the channels to perform the reception 
focus processing, that is, phasing processing. Especial. 
Iy ( in the reception circuit system 3 according to this em- 
bodiment, switching to optimum reception focus 
processing for each of them according to a form image 
or an elasticity image can be performed in accordance 
with timing defined by the measurement contro! section 
9, which will be described later. In particular, the recep- 
tion circuit system 3 has a reception processing unit for 
a form image for performing processing by using a dy- 
namic filter having a filter characteristic dependent on 
the depth of a reflection echo signal and a reception 
processing unit for an elasticity image for performing 
processing by using a filter having a constant filter char- 
acteristic independent of the depth of a reflection echo 
signal. The reception processing units for form and elas- 
ticity images are switched for use based on a command 
from the measurement control portion 9. 
(001 8] The form image re-construction section 4 per- 
forms various kinds of computing processing on a re- 
ception signal output from the reception circuit system 
3 and creates and outputs a form image to the display 
superimposing section 6. In other words, the form im- 
age-reconstruction section 4 re-constructs a form image 
such as a B-mode image based on a reception signaJ 
output from the reception circuit system 3. According to 
this embodiment, a form image is re-constructed by us- 
ing an output from the reception circuit system 3 within 
a form image acquirement period defined by the meas- 
urement control section 9, which will be described later. 
[001 9J The elasticity image re-construction section 5 
performs various kinds of computing processing on a 
reception signal output from the reception circuit system 
3 and creates and outputs an elasticity image to the dis- 
play superimposing section 6. In other words, the elas- 
ticity image re-construction section 5 stores a reception 
signal output from the reception circuit system 4 in a 
frame memory, for example, performs correlation 
processing on two reception signals received after a 
time interval and obtains an amount of displacement of 
a biological tissue. An elasticity ratio or elasticity distor- 
tion of each part Is obtained by performing differentiation 
on the obtained amount of displacement, and an elas- 
ticity image thereof is re-constructed. The obtained elas- 
ticity Image is displayed on the image display device 7 
through the display superimposing section 6. In this em- 
bodiment, an elasticity image is re-constructed by using 
an output from the reception circuit system 3 within an 
elasticity image acquirement period defined by the 
measurement control section 9, which will be described 
later. 

[0020] The display superimposing section 6 process- 
es image such that outputs from the form image re-con- 
struction section 4 and the elasticity image re-construc- 
tion section 5 can be displayed one over another or se- 
lectively or separately and be output to the image dis- 
play device 7 to display. In particular, in this embodi- 
ment, the methods for displaying on the image display 



device 7 are switched based on a command from the 
measurement control section 9. The image display de- 
vice 7 includes a general CRT monitor, for example. 
[0021] The measurement control section 9 is config- 
5 ured to control each of the implementation of elasticity 
image measurement for acquiring an elasticity image 
and the implementation of form image measurement for 
acquiring a form image. In other words, the measure- 
ment control section 9 switches between the elasticity 
» image measurement and the form image measurement 
based on start and end commands for the elasticity di- 
agnosis mode, which are input from the switch 8 asso- 
ciated with the ultrasonic probe 1 . The switching is per- 
formed by controlling operations of the transmission cir- 
w curt system 2, reception circuit system 3, form image re- 
construction section 4, elasticity image re-construction 
section 5 and display superimposing section 6. A human 
interface device such as a switch provided in the ultra- 
sonographic apparatus 10 In Fig. 2, a foot switch, not 
20 shown, and a key board may be used instead of the 
switch 8, or together with the switch 8. 
[0022] Here, the first embodiment relating to control 
of the elasticity diagnosis mode to be performed by the 
measurement control section 9 will be described with 
25 reference to Figs. 3 to 5. When an operator presses and 
turns on the switch 8 associated with the ultrasonic 
probe 1 in order to start an elasticity diagnosis, this is 
input to the measurement control section 9 as an elas- 
ticity diagnosis mode start command When the switch 
30 8 is released and turned off, this is input to the meas- 
urement control section 9 as an elasticity diagnosis 
mode end command. Based on this, the measurement 
control section 9 controls the starting and ending of the 
elasticity diagnosis mode for performing a compound 
35 measurement of the elasticity image measurement and 
the form Image measurement. On the other hand, in the 
elasticity diagnosis mode, the operator must perform an 
operation for pressing the ultrasonic probe 1 against the 
patient when the switch 8 associated with the ultrasonic 
« probe 1 is turned on. Conversely, when the ultrasonic 
probe 1 is pressed against the patient in advance, the 
operator must perform an operation of lifting the ultra- 
sonic probe 1 when the switch 8 is turned on. While the 
case that the operator directly performs the pressing of 
«* the ultrasonic probe 1 will be described here, the ultra- 
sonic probe 1 may be mechanically pressed or lifted. In 
this case, the ultrasonic probe 1 may be pressed against 
the patient or the ultrasonic probe 1 pressed against the 
patient In advance may be lifted by using a machine for 
so pressing down the ultrasonic probe 1 though the addi- 
tionally prepared human interface device such as the 
switch 8. Furthermore, the starting and ending of the 
elasticity diagnosis mode may be controlled. 
[0023] When the elasticity diagnosis mode start com- 
» mand is input, the measurement control section 9 con- 
trols the switching of the components to selectively 
measure the form image and the elasticity image until 
the end command is input, that Is, in the period of the 
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elasticitydiagnosismode.Forexampl^asshownlnFig 
3 a sector measurement area (region of interesting) of 
the elasticity image 33 is defined in a sector measure- 
ment area of the form image 32 here. In the figure B- 
start and B-end indicate a scanning start position of the 5 
form image measurement and scanning end position of 
the form image measurement, respectively. The scan- 
ning with an ultrasonic beam is performed in the direc- 
tion indicated by the shown arrow 31 . S-start and S-end 
indicates a scanning start position of the elasticity image w 
measurement and scanning end position of the elasticity 
image measurement, respectively. In the figure, B cor- 
responds to the form image measurement, and S cor- 
responds to the elasticity image measurement 
[0024] A timing chart for an operation of the measure- is 
ment control section 9 for acquiring an image as shown 
in Fig. 3 is shown in Fig. 4. In the figure, changes in 
operational states of the "switch (8)", "ultrasonic scan- 
ning position", transmission/reception sequence", "ul- 
trasonic transmission wave number(s)" and "reception *> 
of ultrasonic waves" are shown in order from the top of 
the figure. The horizontal axis indicates the number of 
times of scanning; B corresponds to the form image 
measurement; S corresponds to the elasticity Image 
measurement; and the subscripts s and e indicate the 25 
start and the end, respectively. 
[0025] When the operator presses and turns on the 
switch 8 of the ultrasonic probe 1, the measurement 
control portion 9 starts measurement control of the elas- 
ticity diagnosis mode based on the timing chart in Fig 30 
4 and a flowchart shown in Fig. 5. In this embodiment, 
the transmission/reception sequence B of the form im- 
age measurement and the transmission/reception se- 
quence S of the elasticity image measurement are 
switched and implemented by following predefined 35 
steps for each image frame, for example, In the period 
of the elasticity diagnosis mode when the switch 8 is 
kept on. in other words, each of the scanning from B- 
start to B-end and the scanning from S-start to S-end is 
handled as a unit for switching and implementation. In 40 
the shown example, after the form image measurement 
B is performed for one frame, the elasticity image meas- 
urements is Implemented for one frame. Then, after the 
form image measurement B is implemented for two 
frames, the elasticity image measurement S is imple- 45 
mented for one frame, However, the present invention 
is not limited to the ratio of the repetition in Fig. 4. 
[0026] The measurement control section 9 switches 
and controls the transmission circuit system 2, the re- 
ception circuit system 3, the form image re-construction so 
section 4, the elasticity image re-construction section 5 
and the display superimposing section 6 based on the 
timing chart. First of all, when the elasticity diagnosis 
mode is started, the position of a predefined focus area 
for measuring the elasticity image 33 is captured. Then 55 
the starting position (S-start) and ending position (S- 
end) of the elasticity image measurement are defined 
for the focus area. Next, the scanning for the form Image 



measurement is started based on the timing chart In Fig 
4. At that time, a command for switching to an ultrasonic 
transmission signal (one-wave transmission in the ex- 
ample In Fig. 4) suitable for the form image measure- 
ment is output to the transmission circuit system 2 
Moreover, a command for switching to reception 
processing with the dynamic fitter is output to the recep- 
tion circuit system 3, and a command for re-constructing 
the form image based on an input reception signal is 
output to the form image re-construction section 4 
Thus, when the scanning of the form image measure- 
ment completes once, the processing is switched to the 
elasticity image measurement. The switching outputs a 
command for switching to an ultrasonic transmission 
signal (two-wave transmission in the example in Fig 4) 
suitable for the elasticity image measurement to the 
transmission circuit system2. Furthermore, a command 
for switching to reception processing with the fixed filter 
is output to the reception circuit system 3, and a com- 
mand for re-constructing an elasticity image based on 
an input reception signal is output to the elasticity image 
reconstruction section 5. However, the actual scanning 
for the elasticity Image measurement is performed dur- 
ing the period from the S-start to S-end in Fig. 3. Thus, 
asshown in Fig. 4, the transmission/reception sequence 
is selected and implemented in order of 
B-S-B-B-S-B-B.... The elasticity image re-construction 
section 5 obtains an amount of displacement of a bio- 
logical tissue by performing correlation processing on 
two reception signals having a time interval, which are 
obtained by the second and fifth scanning in Fig. 4, ob- 
tains an elasticity ratio or elasticity distortion based on 
the obtained amount of displacement and re-constructs 
the elasticity image. In this way, since the scanning of 
the form image measurement is performed twice during 
two measurement scans required for the elasticity im- 
age measurement, the amount of displacement of a bi- 
ological tissue increases during the period. Therefore, 
the precision of measurement of an elasticity ratio or the 
like can be enhanced. 

[0027] On the other hand, the measurement control 
portion 9 controls the display superimposing circuit 6 to 
cause the image display device 7 to selectively display 
the form image and the elasticity image newly created 
by the form image re-construction section 4 and the 
elasticity image re-construction section 5. A frame mem- 
ory for storing a re-constructed image is provided in 
each of the form image re-construction section 4 and 
the elasticity image re-construction section 5. In order 
to perform the display control over the form Image and 
the elasticity image, the measurement control section 9 
does not input a reception signal for the elasticity image, 
which has undergone phasing processing in the recep- 
tion circuit system 3, to the form image re-construction 
section 4 during the period for acquiring the elasticity 
image data but controls outputs to cause the image dis- 
play device 7 to display the form Image using the form 
image data, which is previously acquired and stored In 
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the frame memory, during the period. The elasticity Im- 
age re-construction section 5 is commanded not to cap- 
ture a reception signal for a form Image, which has un- 
dergone phasing processing In the reception circuit sys- 
tem 3 during the period for acquiring the form Image da- 
ta, and outputs are controlled to cause the image display 
device 7 to display the elasticity Image using the elas- 
ticity image data, which is previously obtained and 
stored in the frame memory, during the period. Thus, In 
the form image measurement and elasticity image 
measurement, optimum transmission and reception 
processing for each of them is performed. Then, when 
the switch 8 is turned off, the measurement for the elas- 
ticity diagnosis mode ends. Notably, until the switch 8 is 
turned on again, control can be performed to repeat the 
form Image measurement and display the latestform im- 
age on the image display device 7 and to display a pre- 
viously acquired elasticity image on the Image display 
device 7 as the elasticity image. " 
[0028] The control operation by the measurement 
control section 9 for implementing measurement control 
shown in the timing chart in Fig. 4 will be described by 
using the flowchart shown in Fig. 5. First of all, in step 
S51 , whether the ultrasonic scanning is to be ended or 
not is determined. If not (No), the processing moves to 
step S52. If so (yes), ultrasonic scanning processing 
ends immediately. 

[0029] In step S52, whether the current period is the 
period for elasticity image measurement, that is, for the 
elasticity image measurement S or not is determined. If 
yes, the processing moves to step S58. if no, the 
processing moves to step S53. B-start is stored in the 
form image acquirement position register in step S53 in 
order to start the acquirement of the form image since 
it is determined in previous step S52 that the current 
period is not the period for the elasticity image meas- 
urement S. In step S54, whether the value of the form 
image acquirement position register is B-end, that is, the 
final form image acquirement position or not is deter- 
mined. If the determination results in yes, the processing 
moves to step S57 where the acquirement of the form 
image data ends. Then, the processing returns to step 
S51. If the determination results In no, the processing 
moves to step S55. In step S55, the value of the form 
Image acquirement position resister is incremented by 
1. In other words, the ultrasonic beam line address is 
shifted by one in the direction of scanning. In step S56, 
one-wave transmission for example, is performed ther- 
eon with an ultrasonic transmission signal for the form 
image measurement. Furthermore, reception signal 
processing by using a dynamic filter is performed ther- 
eon, and the form image measurement is Implemented. 
Then, the processing returns to step S54. In this way, 
by performing reception signal processing by using a dy- 
namic filter, the reception frequency can be adjusted ac- 
cording to the depth of reception so that ultrasonic trans- 
mission/reception suitable for the form image acquire- 
ment can be performed. The processing in steps S54 to 



S56 can scan the form image 32 in the scanning direc- 
tion 31 from the position B-start, and the form image 32 
to the position B-end can be acquired. 
[0030] In step S58, S-start Is stored in the elasticity 
5 image acquiring position register to start elasticity image 
measurement since it Is determined in previous step 
S52 that the current time Is in the period of the elastic 
image acquiring time (S). in step S59, whetherthe value 
of the elasticity image acquiring position register is S- 
10 end or not, that is, whether it Indicates the last acquiring 
position of the elasticity image or not is determined. If 
the determination results in yes, the processing moves 
to step S5C where the acquirement of the elasticity im- 
age data ends. Then, the processing returns to step 
15 S51. If no, the processing moves to step S5A. In step 
S5A, the value of the elasticity image acquiring position 
register is incrementedby 1 . That is, the ultrasonic beam 
line address is shifted by one in the scanning direction. 
In step S5B, two-wave transmission and reception slg- 
20 nal processing using a fixed filter are performed, for ex- 
ample, with an uftrasonic transmission signal for elas- 
ticity image measurement so that the elasticity image 
acquiring processing by elasticity image measurement 
can be implemented. Then, the processing returns to 
& step S59. By performing the two-wave transmission, ul- 
trasonic transmission suitable for elasticity image meas- 
urement is performed. By performing urtrasonic recep- 
tion by using a fixed fitter, urtrasonic transmission/recep- 
tion suitable for elasticity image acquirement can be per- 
3° formed with a constant reception frequency. The 
processing in steps S59 to S5B scans the elasticity im- 
age 33 in the scanning direction 31 from the position S- 
start, and the elasticity image 33 to the position S-end 
can be acquired. In the example in Fig. 3, an affected 
& part 34 is displayed in the elasticity Image 33. Upon 
completion of the acquirement of the elasticity image 33, 
the determination in step S51 is performed again, and 
the processing for acquiring the form image 32 or elas- 
ticity image 33 is performed according to the result. 
<o When an operator releases (switches off) the switch 8. 
the processing is shifted to a processing operation in an 
independent measurement mode for acquiring a form 
image until the switch 8 is pressed again. 
[0031] The form image measurement and elasticity 
45 ' ma 9 e measurement can be performed under each in- 
dependent and proper ultrasonic transmission require- 
ment since the transmission circuit system 2 includes 
like the above-described embodiment the transmission 
signal generating unit for generating an ultrasonictrans- 
* mission signal for a form Image and the transmission 
signal generating unit for generating an urtrasonic trans- 
mission signal for an elasticity image having a larger 
wave number than that of the ultrasonic transmission 
signal for a form Image. As a resuit, ultrasonic images 
& optimum for both form image and elasticity image can 
be re-constructed and displayed, and images suitable 
for a diagnosis can be provided to an operator. The im- 
age quality can be Improved by selectively controlling 
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. the form (mage measurement and elasticity image 
measurement in the period of the elasticity diagnosis 
mode. 

[0032] The quality of a form image can be further en- 
hanced since the reception circuit system 3 includes and 
switches between a form image reception processing 
unit for processing with a dynamic filter having a filter 
characteristic (frequency characteristic) dependent on 
the depth of a reflection echo signal and an elasticity 
image reception processing unit for processing with a 
filter having a constant filter characteristic independent 
of the depth of a reflection echo signal. 
[0033] While the case that the signal strength of a re- 
ception signal relating to an elasticity image is increased 
by using an ultrasonic transmission signal with a higher 
wave number in acquiring elasticity image data has 
been described in the above-described first embodi- 
ment, ultrasonic transmission with a large amplitude 
may be used Instead. Alternatively, an ultrasonic trans- 
mission signal with a low frequency (10 MHz for form 
image measurement and 7.5 MHz for elasticity Image 
measurement) may be used. Alternatively, a combina- 
tion of an ultrasonic wave with a large wave number, an 
ultrasonic wave with a high amplitude and an ultrasonic 
wave having a low frequency may be used as required. 
That is, since the amount of displacement of a biological 
tissue is generally small, an ultrasonic wave with a larger 
amplitude or a larger wave number or an ultrasonic 
wave with a lower frequency than that of the ultrasonic 
wave for acquiring a form image is desirably used in or- 
der to increase the precision of the detection of a par- 
ticularly hard part. Conversely, the measurement for ac- 
quiring a form image by an ultrasonic wave with a large 
amplitude results in an excessively large ultrasonic re- 
ception signal, or the measurement by an ultrasonic 
wave with a large wave number results in a decrease in 
distance resolution. 

[0034] Next, a second embodiment relating to control 
of an elasticity diagnosis mode to be performed by the 
measurement control section 9 will be described with 
reference to Figs. 6 to 9. Fig. 6 is a timing chart of an 
operation. Figs. 7 to 9 are flowcharts illustrating details 
of the operation. Fig. 6 shows, like Fig. 4, changes In 
states of "switch (8)", "ultrasonic scanning position', 
"transmission/reception sequence*, "ultrasonic trans- 
mission wave number(s)" and "reception of ultrasonic 
waves" in order from the top of the figure. The horizontal 
axis indicates the number of times of scanning, and DF 
and FF indicate a dynamic filter and a fixed filter, respec- 
tively. The meaning of the other symbols is Identical to 
those of Fig. 4. This embodiment is different from Fig. 4 
in that the form image measurement and elasticity im- 
age measurement are selectively switched not for each 
image frame but for each ultrasonic beam. 
[0035] As shown In Fig. 6, during form image meas- 
urement B, an ultrasonic transmission signal with one 
wave number is output from the transmission circuit sys- 
tem 2, and reception processing Is implemented by us- 



ing a dynamic filter (DF) in the reception circuit system 
3. On the other hand, during elasticity image measure- 
ment S, an ultrasonic transmission signal with two wave 
numbers is output from the transmission circuit system 
5 2, and reception processing is implemented by using the 
fixed filter (FF) in the reception circuit system 3. Thus, 
for the form image measurement and elasticity image 
measurement, transmission and reception processing 
optimum for the image processing thereof can be impte- 
10 mented. 

[0036] The measurement control section 9 repeatedly 
implements elasticity image measurement and form im- 
age measurement with different ultrasonic beam scan- 
ning positions in the elasticity Image measurement S 
15 and form image measurement B. The elasticity Image 
re-construction section 5 obtains an amount of displace- 
ment of a biological tissue by performing correlation 
processing on two reception signals having a time Inter- 
val, which are obtained by the first and nth scanning In 
20 Fig, 6, obtains an elasticity ratio or elasticity distortion 
based on the obtained amount of displacement and re- 
constructs an elasticity image. When the measurement 
in the elasticity diagnosis mode ends based on a com- 
mand from the switch 8, the measurement control sec- 
& tion 9 controls to acquire form Image data and to display 
a previously obtained and displayed elasticity image 
and the latest form image on the image display device 7. 
[0037] Furthermore, the details will be described by 
following the flowcharts shown in Figs. 7 to 9. When an 
30 operator presses and switches on the switch 8 of the 
ultrasonic probe 1 , ultrasonic scanning start processing 
in Fig. 7 Is started. Then, in step S71 , whether ultrasonic 
scanning has ended or not is determined. If not (no), the 
processing moves to step S72. If so (yes), the ultrasonic 
35 scanning processing ends immediately. 

[0038] In step S72, whether the value of the current 
scanning position register is the position equal to or 
higher than B-start and lower than S-start or not Is de- 
termined. If yes, the processing moves to step S73. If 
40 no, the processing moves to next step S74. in step S73, 
a form image acquirement routine in Fig. 8 is implement- 
ed. The form image acquirement routine performs one- 
wave transmission, for example, with an ultrasonic 
transmission signal suitable for the form image meas- 
45 urement mode, performs reception signal processing by 
using a dynamic filter, implements form image acquire- 
ment processing in the form image measurement mode, 
increments the value of the scanning position register 
by 1 only and returns to step S71 in Fig. 7. The form 
50 image acquirement routine in step S73 is implemented 
to acquire form image data until the value of the scan- 
ning position register reaches S-start from B-start there- 
after. 

[0039] In step S74, whether the value of the current 
55 scanning position register is the position equaJ to or 
higher than S-start and is equal to or lower than S-end 
or not is determined. If yes, the processing moves to 
step S75. If no, the processing moves to next step S76. 
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In step S75, an elasticity image/form image acquirement 
routine in Fig. 9 is implemented. The elasticity image/ 
term image acquirement routine repeatedly implements 
an operation including acquiring elasticity data, imple- 
menting acquirement of form image data after the ac- 
quirement, performs elasticity image scanning again af- 
ter a predetermined interval. That is, compound meas- 
urement is implemented on the area of the form image 
33 corresponding to a focus area by switching between 
the form image measurement mode and the elasticity 
Image measurement mode for each ultrasonic beam 
line address. In the elasticity image/form image acquire- 
ment routine, two-wave transmission is performed, for 
example, with an ultrasonic transmission signal suitable 
for the elasticity image measurement, and processing 
of a reception signal uses a fixed filter. One-wave trans- 
mission Is performed, for example, with an ultrasonic 
transmission signal suitable for the form image meas- 
urement, and processing of a reception signal Imple- 
ments processing using a dynamic filter. Next, the value 
of the scanning position register is incremented by 1 on- 
ly, and the processing returns to step S71 in Rg. 7. The 
elasticity image/form image acquirement routine in step 
S75 is implemented, and the scanning of a form image 
and the scanning of an elasticity image are alternately 
repeatedto acquire the image until the value of the scan- 
ning position register reaches S-end from S-start there- 
after. 

[0040] In step S76, whether the value of the current 
scanning position register is a position higher than S- 
end and equal to or lower than B-end or not is deter- 
mined. If yes, the processing moves to step S77. If no, 
the processing returns to step S71. That Is, after the 
elasticity image scanning to the position S-end ends, the 
form image data acquirement is repeated up to the po- 
sition B-end. In step S77, a form image acquirement rou- 
tine in Fig. 8 is Implemented. The form image acquire- 
ment routine performs one-wave transmission, for ex- 
ample, with an ultrasonic transmission signal suitable 
for form image measurement, implements reception 
processing using a dynamic filter, Increments the value 
of the scanning position register by 1 only and returns 
to step S71 In Fig. 7. The form image acquirement rou- 
tine in step S77 is implemented to acquire the form im- 
age 32 until the value of the scanning position register 
reaches S-start from S-end thereafter. 
[0041 J Then, the form image data acquirement is per- 
formed from B-start to B-end until an operator presses 
the switch 8 again. When the operator presses the 
switch 8 again, the processing returns to the beginning, 
and a series of operations from the form imagescanning 
from the position B-start Is repeated. 
[0042J As described above, according to the second 
embodiment, the same advantages as those of the first 
embodiment can be obtained. 



Claims 



1. An ultrasonographic apparatus, comprising: an ul- 
trasonic probe for transmitting/receiving an uitra- 
* sonic wave to/from a patient; means for generating 
an ultrasonic transmission signal and transmitting it 
to the ultrasonic probe; means for performing re- 
ception processing on a reflection echo signal re- 
ceived by the ultrasonic probe; means for re-con- 
10 structing a form image according to the reception 
signal processed by the reception processing 
means; means for re-constructing an elasticity im- 
age according to the reception signal processed by 
the reception processing means; means for display- 
15 ing the form image and the elasticity image; means 
for switching between the form image mode and the 
elasticity image mode; and means for performing 
control so as to selectively acquire the form Image 
and the elasticity Image in the measurement period 
20 of the elasticity image mode switched by the mode 
switching means. 

2. The ultrasonographic apparatus according to Claim 
1 , wherein the control means switches between the 

25 form image re-construction means andthe elasticity 
image re-construction means according to the se- 
lection of the form image or the elasticity image. 

3. The ultrasonographic apparatus accordingto Claim 
30 1 . wherein the transmission means has first trans- 
mission signal generating means for generating an 
ultrasonic transmission signal for the form image; 
and second transmission signal generating means 
for generating an ultrasonic transmission signal for 

& the elasticity image having at least one ultrasonic 
wave among an ultrasonic wave having a larger am- 
plitude, an ultrasonic wave having a larger wave 
number and an ultrasonic wave having a lower fre- 
quency than those of the ultrasonic transmission 
« signal for the form image. 

4. The ultrasonographic apparatus according to Claim 
3, wherein the control means switches between the 
first transmission signal generating means and the 
second transmission signal generating means ac- 
cording to the selection of the form image or the 
elasticity Image. 



5. The ultrasonographic apparatus accordingto Claim 
5 <> 1 , wherein the reception processing means has first 
reception processing means for the form image for 
performing processing with a dynamic filter having 
a filter characteristic dependent on the depth of the 
reflection echo signal; and second reception 
55 processing means for the elasticity image for per- 
forming processing with a filter having a constant 
filter characteristic independent of the depth of the 
reflection echo signal. 
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6. TTie ultrasonographic apparatus according to Claim 
5, wherein the control means switches between the 

first reception processing means and the second re- 
ception processing means according to the selec- 
tion of the form image or the elasticity image. 

7. The ultrasonographic apparatus according to Claim 
1 . wherein the control means performs control, for 
each frame of each image, so as to selectively' ac- 
quire the form image and the elasticity image. 

8. The ultrasonographic apparatus according to Claim 
1 , wherein the control means performs control for 
each ultrasonic beam to be Irradiated to the patient 
so as to selectively acquire the form image and the 
elasticity image. 

9. The ultrasonographic apparatus according to Claim 
1 , wherein the control means switches, for each ul- 
trasonic beam to be irradiated to the patient, control 
for selectively acquiring the form image and the 
elasticity image with respect to a defined focus area 
and causes the ultrasonic beam to scan; and 

the elasticity image re-construction means re- 
constructs the elasticity image of the focus area and 
displays it over the form image on the display 
means. ' 



16 



signal having undergone the reception processing- 
displaying at least one of the form image and the 
elasticity image; switching between a form image 
mode and an elasticity image mode; and controlling 
so as to selectively acquire the form image and the 
elasticity image in the measurement period of the 
elasticity image mode switched by the step. 

14. The biological tissue elasticity measurement meth- 
od according to Claim 13, wherein the ultrasonic 
transmission signal for. the elasticity Image gener- 
ated by the transmission step has at least one ul- 
trasonic wave among an ultrasonic wave having a 
largeramplitude, an ultrasonic wave having a larger 
wave number and an ultrasonic wave having a low- 
er frequency than those of the ultrasonic transmis- 
sion signal for the form image. 



10. The ultrasonographic apparatus according to Claim 
1, wherein the control means switches, for each 
frame of each Image or for each ultrasonic beam to 
be irradiated to the patient, control for selectively 
acquiring the form image and the elasticity Image 
dunng the period from the time when a measure- 
ment start command of the elasticity image mode 
is input from the mode switching means to the time 
when a measurement end command is input there- 
from. 

11. The ultrasonographic apparatus according to Claim 
1, wherein the display means selectively displays 
one image of the form image and the elasticity im- 
age, an image having both of them one over another 
and an image having both of the in line. 

12. The ultrasonographic apparatus according to Claim 
1 . wherein themode switching means is at least one 
of human interface equipment such as a switch pro- 
vided in the ultrasonic probe, a switch provided in 
the apparatus body, a foot switch and a keyboard. 

13. A method formeasuring an elasticity of a biologlcaJ 
tissue, comprising the steps of: generating an ultra- 
sonic transmission signal and transmitting it to an 
ultrasonic probe; performing reception processing 
on a reflection echo signal received by the ultrason 
Ic probe; re-constructlng at least one of a form im- 
age and an elasticity Image based on the reception 



15. The biological tissue elasticity measurement meth- 
od according to Claim 13 or 14, wherein the recep- 
ton processing step switches between and per- 
forms first reception processing for the form image 
for performing processing with a dynamic filter hav- 
mg a filter characteristic dependent on the depth of 
the reflection echo signal and second reception 
processing for the elasticity image for performing 
processing with a filter having a constant filter char- 
actenstic independent of the depth of the reflection 
echo signal. 

30 

16. The biological tissue elasticity measurement moth- 
od according to Claim 1 3, wherein the control step 
switches, for each frame of each image, between 
the uttrasonic transmission signals for the form im- 
age measurement and the elasticity Image meas- 
urement. 

17. The biological tissue elasticity measurement melh- 
od according to Claim 13, wherein the control step 
switches, for each ultrasonic beam to be irradiated 
to the patent, between the ultrasonic transmission 
signals for the form image measurement and the 
elasticity image measurement. 

18. The biological tissue elasticity measurement meth- 
od according to Claim 18, wherein the control step 
scans an uttrasonic beam by the ultrasonic trans- 
mission signal f orthe elasticity image measurement 
with respect to a defined focus area; and 

50 the image re-constructlon step re-constructs 

the elasticity image of the focus area and displays 
it over the form image on the display means. 

19. The biological tissue elasticity measurement meth- 
od according to Claim 1 3, wherein the control step 
switches, for each frame of each image or for each 
uttrasonic beam to be irradiated to the patient con- 
trol for selectively acquiring the form Image and the 
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elasticity image during the period from the time 
when a measurement start command of the elastic- 
ity image mode is input to the time when a meas- 
urement end command is input. 

5 

». The biological tissue elasticity measurement meth- 
od according to Claim 13, wherein the measure- 
ment start and end commands of the elasticity Im- 
age mode are Input from at least one of human In- 
terface equipment such as a switch provided in the w 
ultrasonic probe, a switch provided in the apparatus 
body, a foot switch and a keyboard. 
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FIG. 3 
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FIG. 7 




S72 



C 



END 
(ULTRASONIC 
SCANNING END) 




no 



S74 



S73* 



FORM IMAGE 
ACQUIREMENT ROUTINE 




yes 



no 



S76 



S75- 



ELASTICITY IMAGE/FORM IMAGE 
ACQUIREMENT ROUTINE 




FORM IMAGE ACQUIREMENT 
ROUTINE 



I 



17 



EP 1 557 125 A1 



FIG. 8 



START 
(FORM IMAGE 
ACQUIREMENT ROUTINE) 



ACQUIRE FORM IMAGE 
TRANSMIT/RECEIVE ULTRASONIC 
WAVE FOR FORM IMAGE 
EX) ONE-WAVE TRANSMISSION ANDDYNAMIC FILTER 

SCANNING POSITION=SCANNING POSITION*! 

END 
(FORM IMAGE 
^ACQUIREMENT ROU TINE) 

FIG. 9 



START 
(ELASTICITY IMAGE/FORM 
.|MAGE ACQUIREMENT ROUTINE). 

I 



ACQUIRE ELASTICITY IMAGE 
TRANSMIT/RECEIVE ULTRASONIC 
WAVE FOR ELASTICITY IMAGE 
EX) TWO-WAVE TRANSMISSION AND FIXED FN TFR 



ACQUIRE FORM IMAGE 

TRANSMIT/RECEIVE ULTRASONIC 
WAVE FOR FORM IMAGE 
EX)ONE-WAVE TRANSMISSION AND DYNAMIC FILTER 



£ 



SCANNING POSITION=S CANNINfl POSITION+1 



END 

(ELASTICITY IMAGE 
/FORM IMAGE 
ACQUIREMENT ROUTINE) 



18 



EP 1 557 125 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP03/13771 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 A61B8/08 



According to International Potent Classification (IPC) or to both national classification and IPC 



B. FIELDS SBARCHED 



Minimum documentation searched (clas sific ation system followed by classification symbols) 
Int. CI 7 A61B8/00-8/15 



Documentation searched other than minimum docurncntation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho ■ 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2003 

Kokai Jitsuyo Shinan Koho 1971-2003 Toroku Jitsuyo Shinan Koho 1994-2003 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages - 



RelevanttocbimNo. 



P,X 



JP 7-303644 A (Fujitsu Ltd.), 

21 November, 1995 (21.11.95), 

Full text; all drawings 

& DE 19500856 Al & US 5462058 A 

JP 2003-111759 A (GE Medical Systems Global 

Technology Co. LLC) , 

15 April, 2003 (15.04.03), 

Full text; all drawings 

& DE 10238747 Al 

JP 2001-70303 A (GE Vingmed Ultrasound AS), 
21 March, 2001 (21.03.01), 
Full text; all drawings 

& EP 1079240 A2 & OS 6352507 Bl 



1,2,11,12 



1,2,11,12 



1,2,11,12 



□ Further documents are listed in the continuation of Box C. Q See patent family annex. 



Special categories of cfted documents: 
document defining the general state of the art which Is not 
considered to be of particular relevance 
"E" earlier document but published on or after the international filing 

*t" document which may throw doubts on priority chrira(i) or which is 
cited to establish the publication dote of another citation or other 
special reason (as specified) 
XT dowunent referring to an oral disclosure, use; exhibition or other , 



°P* document published prior to the in tcmaticna! filing date but later 
than the priority date claimed 



*T later document published after the mternanonal filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

*X" document of particular relevance; Ihe claimed invention cannot be . 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"V document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 

"dk" document member of die same patent family 



Date of the actual completion of the International search 
24 February, 2004 (24.02.04) 



Date of mailing of the international search report 
09 March, 2004 (09.03.04) 



Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 



Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1998) 



19 



EP 1 557 125 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/13771 



Box I Observations where certain citing wen? foind onaearthable (Continuation ofte n 2 of first sheet) 
Thfa international search report has not been established in respect of certain dairas under ArtWe 17(2Xa) for the following 

I. [x] ClairnsNo*: 13-20 

because they relate to subject matter not required to be searched by this Auftority, namely: i 
The inventions of claims 13-20 relate to diagnostic methods practiced on 
the human body and do not require search by the International Search Authority 
under the provisions of PCT Article 17(2) (a) (i) and PCT Rule 39.1 (iv) " * 

2 Q ClafmsNos.: 

because they relate to parts of the international application that do not comply with the prescribed retirements to such an 
extent that no meaningful mternational search can be carried out, specifically: 



3. Q QahnsNos.: 

because they are dependent cfariim and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box n Observations where unity of Invention U lacking (Continuation of Item 3 of firtt sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 

The technical feature common to the inventions of claims 1-12 is a technical I 
feature disclosed in claim 1. However, the search has revealed that the 

^ A C ^5 eatUre 0f claim * is not novel since At i» disclosed in document 
JP 7-303644 A (Fujitsu Ltd.) , 21 November, 1995 (21.11.95) . Accordingly, the 
technical feature of claim 1 cannot be a special technical feature within 
the meaning of PCT Rule 13.2, second sentence. 

Consequently, it is obvious that the inventions of claims 1, 2, 1, 12, the 
inventions of claims' 3, 4, the inventions of claims 5, 6, the inventions of 
claims 7, 10, and the inventions of claims 8. 9 do not satisfy the requirement 
or unity of invention. 1 

1. Q As aJ I required additional search ftes were timely paid by the applicant, this intcmational search report covers all searchable 
chums. 

2. Q As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. Q As only some of the required additional search fees were timely paid by the applicant, this 
only those claims for which fees were paid, specifically claims Nos.: 



international search report covers 



[xj No required additional search fees were tfandy paid by the applicant Consequently, this international search report is 
restricted to me mvcntionfii3tinentk)r^ i f 2, 11, 12 



Remark on Protest [J The additional search fees were accompanied by the applicant's protest 
I I No protest accompanied the payment of additional search fees. 



Form PCT/1SA/210 (continuation of first sheet (1)) (July 1998) 



20 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□--FADED TEXT OR DRAWING 
tkBLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GI*AY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
[^REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



